Adolescent time use and mental health: a cross-sectional, compositional analysis in the Millennium Cohort Study by Atkin, Andrew J et al.
1Atkin AJ, et al. BMJ Open 2021;11:e047189. doi:10.1136/bmjopen-2020-047189
Open access 
Adolescent time use and mental health: 
a cross- sectional, compositional analysis 
in the Millennium Cohort Study
Andrew J Atkin   ,1 Jack R Dainty   ,2 Dorothea Dumuid   ,3 Elli Kontostoli   ,1 
Lee Shepstone,2 Richard Tyler   ,4 Robert Noonan   ,5 
Cassandra Richardson   ,6 Stuart J Fairclough   4
To cite: Atkin AJ, Dainty JR, 
Dumuid D, et al.  Adolescent 
time use and mental health: a 
cross- sectional, compositional 
analysis in the Millennium 
Cohort Study. BMJ Open 
2021;11:e047189. doi:10.1136/
bmjopen-2020-047189
 ► Prepublication history and 
additional supplemental material 
for this paper are available 
online. To view these files, 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
bmjopen- 2020- 047189).
Received 20 November 2020
Accepted 20 August 2021
For numbered affiliations see 
end of article.
Correspondence to
Dr Andrew J Atkin;  
 A. Atkin@ uea. ac. uk
Original research
© Author(s) (or their 
employer(s)) 2021. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.
ABSTRACT
Objective To examine the association of 24- hour time- use 
compositions with mental health in a large, geographically 
diverse sample of UK adolescents.
Design Cross- sectional, secondary data analysis.
Setting Millennium Cohort Study (sixth survey), a UK- 
based prospective birth cohort.
Participants Data were available from 4642 adolescents 
aged 14 years. Analytical samples for weekday and 
weekend analyses were n=3485 and n=3468, respectively 
(45% boys, 85% white ethnicity).
Primary and secondary outcome measures Primary 
outcome measures were the Strengths and Difficulties 
Questionnaire (SDQ, socioemotional behaviour), Mood 
and Feelings Questionnaire (MFQ, depressive symptoms) 
and Rosenberg Self- Esteem Scale (RSE, self- esteem). 
Behavioural exposure data were derived from 24- hour 
time- use diaries.
Results On weekdays, participants spent approximately 
54% of their time in sleep, 3% in physical activity, 9% 
in school- related activities, 6% in hobbies, 11% using 
electronic media and 16% in domestic activities. Predicted 
differences in SDQ, MFQ and RSE were statistically 
significant for all models (weekday and weekend) that 
simulated the addition or removal of 15 min physical 
activity, with an increase in activity being associated 
with improved mental health and vice versa. Predicted 
differences in RSE were also significant for simulated 
changes in electronic media use; an increase in electronic 
media use was associated with reduced self- esteem.
Conclusion Small but consistent associations were 
observed between physical activity, electronic media use 
and selected markers of mental health. Findings support 
the delivery of physical activity interventions to promote 
mental health during adolescence, without the need to 
specifically target or protect time spent in other activities.
INTRODUCTION
The global adolescent population, estimated 
at 1.2 billion, is now larger than at any point 
in our history and represents approximately 
16% of the global population.1 Accordingly, 
research and policy activity to support the 
biological, social, emotional and behavioural 
development of this population has grown 
substantially in recent years.2–4 Part of this 
wider movement has been a particular focus 
on mental health during adolescence, consis-
tent with evidence that first diagnosis of a 
mental disorder often occurs during this 
period.5–7 Surveillance data on adolescent 
mental health remain limited, but there is 
evidence of increasing prevalence of some 
conditions in recent years and substan-
tial growth in demand for counselling and 
specialist mental health services.8–11 Recent 
data from the Mental Health of Children and 
Young People survey, for example, indicated 
that between 1999 and 2017, the prevalence 
of having an emotional disorder (including 
anxiety and depression) increased from 4.3% 
to 5.5% in children aged 5–15 years.12 From 
the same survey, cross- sectional data collected 
in 2017 showed that just over 10% of children 
in this age group had low self- esteem.12 Inter-
pretation of secular trend data on the prev-
alence of mental disorders in young people 
is complicated by a host of methodological, 
diagnostic and social factors, but it remains 
clear that a considerable proportion of the 
child and adolescent population experience 
Strengths and limitations of this study
 ► The large, geographically and demographically di-
verse sample and the assessment of multiple men-
tal health outcomes using well- established, widely 
tested instruments.
 ► Use of compositional data analysis of multiple be-
havioural exposures, which reflects that behaviour 
change inherently entails the reallocation of time 
between different domains of behaviour.
 ► The cross- sectional design which precludes causal 
inference.
 ► The susceptibility of time- use diaries to recall and 
social desirability bias.
 ► Analyses were based on a single day of assessment, 
which may not have been representative of typical 
behaviour patterns.
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mental ill health. A clearer understanding of factors that 
might predispose or protect children from mental health 
disorders will help in the development of preventative 
policies and practice.
A growing body of evidence indicates a role for health 
behaviours, such as sleep and physical activity, in the 
prevention of mental health disorders.13–18 A recent US 
study, for example, found that over 1 year, sleep dura-
tion of less than 6 hours a night was associated with 
increased risk of anxiety disorders in adolescents aged 
11–17 years.16 This study adjusted for selected social and 
demographic covariates but did not account for other 
health behaviours, such as physical activity or sedentary 
behaviour. Given the finite time available each day, an 
increase in any behaviour (eg, sleep) can only be achieved 
through a concomitant reduction in time allocated to one 
or more other activities (eg, TV viewing). The nature of 
such reallocations has potentially important implications 
for health. The mental health benefits of increasing sleep 
duration, for example, may not be realised if they come 
at the expense of reduced physical activity, which is also 
positively associated with some mental health outcomes. 
Greater recognition of the complex interplay between 
multiple behaviours and health has led to the adoption 
of sophisticated and more appropriate statistical methods 
and the establishment of new research networks to take 
the field forward.19–24 This movement is reflected in new 
public health recommendations that provide guidance 
on the optimal composition of the entire (24 hours) day, 
rather than focussing on a single behaviour, such as phys-
ical activity or sleep.25 26
Previous research into the association of time- use 
composition with mental health in young people has 
focused predominantly on health- related quality of life, 
captured within global measures or social/emotional 
health subscales.27–29 Studies using cluster analysis to iden-
tify subgroups with distinct behavioural profiles have indi-
cated that a lifestyle characterised by low physical activity 
and/or moderate to high sedentary behaviour was associ-
ated with poorer quality of life.28 30 In contrast, Fairclough 
et al29 observed no differences in psychosocial quality of 
life for simulated substitutions between accelerometer- 
assessed sitting, light and moderate to vigorous inten-
sity physical activity (MVPA) during the school day. One 
study to date has examined the association of time use 
with proxy- reported Strengths and Difficulties Question-
naire (SDQ) scores, observing that substituting time into 
MVPA from sleep, light intensity activity or sedentary time 
was associated with better mental health.31 The relative 
lack of previous research on this topic, combined with 
the conflicting findings of what little evidence does exist, 
highlights the need for further research in this field. 
Therefore, the objective of this study was to examine the 
cross- sectional associations between adolescents’ time- use 
composition and selected markers of mental health and 
well- being.
METHOD
Sample and data collection
Data are from the Millennium Cohort Study (MCS), an 
observational cohort study of the social, economic and 
health- related circumstances of children born in the UK 
between September 2000 and January 2002.32 The MCS 
is nationally representative and 18 552 families (18 818 
children) were recruited in the first sweep. The sample 
was augmented with a further 701 children (692 families) 
born in the same period who had been missed previously, 
taking the total sample to 19 519. To date, there have 
been six waves of assessment (age 9 months, 3, 5, 7, 11 and 
14 years). This cross- sectional analysis uses data from the 
sixth wave of assessment (MCS6; data collection: January 
2015–April 2016), conducted when participants were 
aged 14 years. A total of 15 415 families were contacted for 
participation in MCS6; 11 884 participants from 11 726 
families provided partial or complete data. The current 
study uses anonymised, publicly available data obtained 
from the UK Data Service (https:// beta. ukdataservice. ac. 
uk/ datacatalogue/ series/ series? id= 2000031).
Patient and public involvement
The research question for this analysis was formulated 
by the authors (no patient involved). The content and 
methodology of the sixth sweep of MCS were informed by 
extensive development work to ensure relevance, partic-
ipation and engagement among participants and their 
families. Full details are provided in the MCS Sixth Sweep 
technical report.33
Assessment of time use
All participants from Wales, Scotland and Northern 
Ireland and approximately 80% of participants from 
England were invited to complete time- use diaries for 
two 24- hour periods (one week day and one weekend 
day). Days were selected at random by computer- assisted 
personal interview software. The English sample was 
restricted due to limitations on the number of activity 
monitors available, which were deployed alongside the 
time- use diary. Only diary data are used for the current 
analysis. The diary was available in three formats: online 
(for completion on a desktop, laptop or netbook); using 
an app (for completion on a mobile phone or tablet); or 
on paper. Sixty- four per cent of participants selected the 
app diary format; 29% used the online version; and 7% 
used the paper diary.33
For each day of assessment, participants recorded what 
they did from 04:00 to 04:00 the following day in 10 min 
timeslots. Participants also recorded where they were, 
who they were with and how much they liked each activity, 
but these data are not considered here. The primary 
activity for each time slot was selected from a list of 44 
predefined activity codes, nested within 12 categories. 
Categories included ‘sleep and personal care’, ‘school, 
homework and education’, ‘social time and family 
time’ and ‘internet, TV and digital media’.34 Due to 
the differing demands/opportunities afforded by being 
3Atkin AJ, et al. BMJ Open 2021;11:e047189. doi:10.1136/bmjopen-2020-047189
Open access
at school during the week, weekday and weekend data 
were analysed separately. For the weekday data, activity 
codes were collapsed into six mutually exclusive activity 
sets (see online supplemental material): (1) sleep; (2) 
physical activity; (3) school- related activities; (4) hobbies 
and socialising; (5) electronic media; and (6) domestic, 
personal care and work- related activities. Weekend data 
were collapsed into five sets, omitting the school- related 
activities group. The five/six sets capture the entirety of 
participant’s daily time use (24 hours or 1440 min). Note 
that the sleep component represented all sleep occurring 
between 04:00 and 04:00. Therefore, it does not neces-
sarily represent a full overnight sleep and may incorpo-
rate naps taken during the day.
Diaries with missing data (10 min slots with no activity 
indicated) were excluded from the analysis, as were those 
with no entries for ‘sleep’ or ‘domestic, personal care 
and work- related activities’ (which included eating and 
getting dressed); these were deemed to be unreliable 
accounts of a complete day’s activity. Zero values in any of 
the activity sets would preclude the use of compositional 
analysis, as log ratio coordinates cannot be applied to zero 
values.35 Consistent with previous work using time- use 
data, zeros were replaced with small values of less than 
10 min, drawing time from the other activity sets.35 36
Mental health
Three outcomes related to adolescent mental health 
were used in the analysis. Socioemotional behaviour was 
assessed using the SDQ, V.P4- 17, completed by the parent 
or guardian.37 The SDQ comprises 25 items relating to 
five subscales of five items each (difficulties subscales: 
emotional problems, conduct problems, hyperactivity/
inattention and peer relationship problems; strengths 
subscale: prosocial behaviour). Answers are provided with 
reference to the previous 6 months and response options 
are ‘not true’, ‘somewhat true’ and ‘certainly true’. 
Example items are ‘Often has temper tantrums or hot 
tempers’ and ‘Often unhappy, down- hearted or tearful’. 
A total difficulties score, derived as the sum of responses 
on the four difficulties subscales, was used in the analysis, 
consistent with previous research.38 39 Higher scores indi-
cate greater socioemotional difficulty. Depressive symp-
tomology was assessed using the short- version (13- item) 
Mood and Feelings Questionnaire (MFQ), completed by 
the participant.40 Answers are given with reference to the 
previous 2 weeks. Response options are ‘not true’, ‘some-
times’ and ‘true’. Example items are ‘I felt miserable or 
unhappy’ and ‘I didn’t enjoy anything at all’. MFQ is 
scored as the sum of responses to all items, with higher 
scores suggesting more severe depressive symptoms. 
Global self- worth was self- reported using the five positive 
items from the Rosenberg Self Esteem Scale (RSE).41 
Response options are ‘strongly agree’, ‘agree’, ‘disagree’ 
and ‘strongly disagree’. Example item is ‘On the whole, 
I am satisfied with myself’. A total score, derived as the 
sum of responses to all items, was used in the analysis. 
For consistency with other outcomes, responses were 
recoded such that higher scores were indicative of lower 
self- esteem.
Covariates
Covariates were selected on the basis of previous research 
indicating that they may confound associations between 
exposure and outcome variables used in the current 
study.15 16 31 The following constructs were selected: age, 
sex, adiposity (measured height and weight used to derive 
body mass index (BMI) category42: underweight/normal, 
overweight or obese) and equivalised family income 
(parent reported: <£20 800 annually, £20 800–£31 300 
annually, >£31 200 annually, missing or do not know).
Statistical analysis
Analyses were conducted using R open- source software 
( www. r- project. org) and the compositions and zCompo-
sitions packages for the analysis of compositional data 
(V.1.40–2).43 Demographic and anthropometric charac-
teristics of the analytical sample are presented as frequen-
cies and percentages, means with SDs or medians with 
IQRs as appropriate. Characteristics of those included/
excluded from the analytical sample were compared 
using Student’s t- tests or χ2 tests. Time (min/day) spent 
in each behavioural set is summarised for the raw time- use 
data (that which retained zero values) using median and 
IQR. For the imputed time- use compositions (those in 
which zeros were replaced with small non- zero values, 
as described previously), time in each behavioural set is 
presented as compositional means (geometric mean of 
each behaviour, linearly adjusted to collectively sum to 
1440 min). Summary statistics are presented separately 
for weekdays and weekend days. Due to the distribution 
of the health outcome data, associations between time use 
composition and mental health markers were examined 
using negative binomial regression.44 Time- use composi-
tions were expressed as sets of isometric log ratio (ILR) 
coordinates (R compositions, default ilr() transforma-
tion). The five- part and six- part compositions for weekend 
and weekday time uses were expressed via four and five 
sets of ILR coordinates, respectively. All models were 
adjusted for age, sex, weight status and family income. In 
preliminary analyses, models were additionally adjusted 
for ethnicity and maternal education. However, these 
variables demonstrated weak, non- significant associations 
with the outcomes and were subsequently dropped in 
the interests of model parsimony. Models were checked 
to ensure assumptions were not violated. Following 
procedures outlined in Dumuid et al,19 we subsequently 
conducted compositional isotemporal substitution anal-
yses to model the influence of reallocating fixed time 
durations (15 min) between pairs of behaviour sets 
on each of our mental health outcomes. Models were 
adjusted for the same covariates as described previously 
and assessed for compliance with relevant statistical 
assumptions. When this model is subsequently used (in 
time reallocation of diary activities) to predict new values 
of the outcome, the predicted data are in log units, which 
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makes it incompatible for mathematical operators such 
as subtraction to be used for estimation of differences. It 
is therefore necessary to transform the predicted values 
back into the original units (by taking the exponential) 
before estimating the differences in outcome due to time 
reallocation. In post hoc analyses, we explored the shape 
of the association between behaviour reallocations of 
differing duration and selected outcomes. Specifically, we 
modelled predicted differences in SDQ, MFQ and Rosen-
berg scores for reallocations of −30 to +30 min (15 min 
increments, weekday data) or −20 to +20 min (10 min 
increments, weekend data) between physical activity and 
the mean of all remaining behavioural sets. In addition, 
we modelled predicted differences in MFQ and Rosen-
berg scores for reallocations of −30 to +30 min (15 min 
increments, weekday data) or −20 to +20 min (10 min 
increments, weekend data) between electronic media 
and the mean of all remaining behavioural sets. Sets were 
combined for this analysis as the associations observed 
for paired reallocations between physical activity/elec-
tronic media and individual sets were highly consistent 
in direction and magnitude. The Generalised Linear 
Models that are used in the analysis, take the log of the 
outcome data before performing a regression with the 
explanatory variables. Regression estimates (and associ-
ated standard errors) are presented graphically for ease 
of interpretation.
RESULTS
Data were available from 8625 diaries (person- days), 
obtained from 4642 participants. Of these, 1679 diaries 
were excluded due to missing data or non- reporting of 
sleep or domestic/personal care activities. The analytical 
samples for weekday and weekend analyses were n=3485 
(29.3% of MCS6 participants) and n=3468 (29.2% of 
MCS6 participants), respectively. Characteristics of partic-
ipants included in the weekday analyses are presented in 
table 1. Overall, the weekday sample was 13.8 (0.5) years 
of age, 45% male and predominantly white ethnicity 
(85%). There were no differences in the demographic 
or anthropometric characteristics of the weekday and 
weekend analytical samples. Compared with those 
whose diaries did not meet our inclusion criteria (1679 
diaries from n=1238 participants), the analytical sample 
on average had a lower BMI (included: 21.2, excluded: 
21.6; p=0.014), were more likely to be of white ethnicity 
(included: 85% white, excluded: 76% white; p<0.001) 
and came from families with higher income (included: 
31% highest quintile, excluded: 19% highest quintile; 
p<0.001).
Time spent in each of the behavioural sets is presented 
in table 2. Compositional means indicated that on week-
days, participants spent approximately 54% of their time 
in sleep, 3% in physical activity, 9% in school- related 
activities, 6% in hobbies, 11% using electronic media and 
16% in domestic activities. Corresponding figures for the 
weekend were 56% (sleep), 2% (physical activity), 10% 
(hobbies), 16% (electronic media) and 17% (domestic).
Preliminary analyses indicated that after adjustment for 
age, sex, weight status and family income, the ILR coor-
dinates for time- use composition were significantly associ-
ated with each of the outcome variables (p values for ILR 
coordinates: SDQ, weekday p=0.018, weekend p<0.001; 
MFQ, weekday p<0.001, weekend p=0.023; RSE weekday 
p<0.001, weekend p<0.001). Compositional isotemporal 
substitution analyses were conducted to simulate the asso-
ciation with each outcome of reallocating 15 min between 
pairs of behavioural sets; results are presented in table 3 
(weekdays) and table 4 (weekend), respectively.
For all three outcomes, models that simulated the addi-
tion or removal of time from physical activity were statis-
tically significant, with the addition of physical activity 
being associated with improved mental health and vice 
versa. The only exception to this trend was for MFQ 
and the substitution of time from domestic activities or 
hobbies into physical activity at the weekend, wherein the 
upper bound of the 95% CI marginally overlapped zero 
in both cases. Predicted differences were generally larger 
for the weekend analysis than the weekday analysis but 
remained small at less than 0.3 of a unit of the outcome 
in all instances.
Table 1 Participant characteristics (weekday sample; 
values are mean (SD) unless stated otherwise)
Weekdays (n=3485)
Demographics
Sex, n (% male) 1561 (45)
Age (years) 13.8 (0.5)
BMI (kg/m2) 21.2 (4)
Ethnicity (white, n (%)) 2951 (85)
Family income (quintile, n (%))
  First (lowest) 327 (9)
  Second 436 (13)
  Third 686 (20)
  Fourth 958 (28)
  Fifth (highest) 1075 (31)
Country, n (%)
  England 2119 (61)
  Scotland 506 (15)
  Wales 486 (14)
  Northern Ireland 374 (11)
Outcomes, median (IQR)
  SDQ 6 (3.0–9.0)
  MFQ 17 (14.0–21.0)
  RSE 10 (7.0–10.0)
Weekend analysis, n=3468.
BMI, body mass index; IQR, inter- quartile range; MFQ, Mood and 
Feelings Questionnaire; RSE, Rosenberg Self- Esteem Scale; SD, 
standard deviation; SDQ, Strengths and Difficulties Questionnaire.
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For the SDQ outcome, there were no statistically signif-
icant predicted differences for reallocations that did not 
include physical activity. For the Rosenberg outcome, all 
reallocations that included electronic media were statis-
tically significant in the weekday data, with a reduction 
in time spent using electronic media associated with 
better mental health. This pattern was partially repeated 
in the weekend data, except that models simulating the 
reallocation of time from sleep and domestic activities 
into electronic media were non- significant. All predicted 
differences were less than 0.1 units. For MFQ, and in 
the weekday data only, reallocations between electronic 
media/sleep and electronic media/domestic activities 
were statistically significant, with a reduction in time 
spent using electronic media associated with better 
mental health.
Predicted differences in SDQ, MFQ and Rosenberg 
scores for a range of time reallocations to/from phys-
ical activity are presented in figure 1. Consistent with 
the main analysis, figures show that simulated increases 
in physical activity were associated with reduced scores 
(negative predicted difference, better health) on each 
of the outcomes, while simulated reductions in physical 
activity were associated with higher outcome scores (posi-
tive predicted difference, worse health). In all scenarios, 
there was evidence of a curvilinear association, such that 
a modelled reduction in physical activity produced larger 
predicted differences in the outcomes than a modelled 
increase in physical activity of comparable duration. 
Predicted differences in MFQ and Rosenberg scores for 
a range of time reallocations to/from electronic media 
use are presented in figure 2. Simulated increases in elec-
tronic media use were associated with increased scores 
(positive predicted difference, worse health) on each of 
the outcomes, while simulated reductions in electronic 
media use were associated with lower outcome scores 
(negative predicted difference, better health). In the 
weekday data (figure 2A,C), the shape of the association 
appeared approximately linear throughout the range of 
reallocations tested. In the weekend data (figure 2B,D), 
there was evidence of slight deviation from linearity, 
wherein a modelled increase in electronic media use 
produced larger predicted differences in the outcomes 
than a modelled reduction in electronic media use of 
comparable duration.
DISCUSSION
In this large sample of UK adolescents, we found that 
simulated increases in physical activity were beneficially 
associated with socioemotional health, while comparable 
increases in electronic media use were adversely associated 
with depressive symptoms and self- esteem. Associations 
were largely consistent between week and weekend days, 
but remained small in magnitude across all behaviours and 
outcomes. Findings highlight a potential role for physical 
activity in supporting the socioemotional health of adoles-
cents and provide insight into the possible content and 
timing of behaviour change interventions.
A simulated reallocation of 15 min from sleep, hobbies, 
electronic media use, school- related or domestic activities 
to physical activity was associated with better socioemo-
tional health, reduced depression symptomology and 
improved self- esteem. This is consistent with previous 
research by Carson et al,31 who modelled the impact on 
SDQ scores of substituting time between sleep, sedentary 
time, and light and moderate to vigorous intensity phys-
ical activity measured by accelerometry. More broadly, 
our findings corroborate existing evidence, both observa-
tional and experimental, that physical activity may have a 
role in the prevention and treatment of mental ill health 
in young people.45 The association of physical activity with 
all outcomes studied here was consistent in direction and 
magnitude for reallocations across all other behavioural 
domains, suggesting that the benefit of physical activity is 
universal and not dependent on a reduction in any specific 
behaviour or group of behaviours. It should be acknowl-
edged, nonetheless, that the associations were small in 
magnitude, perhaps indicating that physical activity alone 
may not be sufficient to bring about clinically meaningful 
benefits in the specific health markers examined here. 
Further research that incorporates other domains of 





Weekday Weekend Weekday Weekend
Sleep 550 (500–610) 630 (550–690) 779.8 800.8
Physical activity 40 (0–110) 30 (0–120) 42.2 23.0
School- related 370 (0–420) NA 135.3 NA
Hobbies 90 (20–200) 180 (60–320) 85.2 144.9
Electronic media 170 (70–290) 240 (120–390) 161.8 226.0
Domestic 180 (120–250) 200 (130–300) 235.6 245.2
Weekday, n=3485; weekend n=3468.
*Geometric mean adjusted to sum to 1440 min/day.
IQR, inter- quartile range; NA, not applicable.
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physical activity, such as intensity or activity type, alongside 
duration, will be beneficial in establishing the direction 
and magnitude of the association with mental health. This 
point notwithstanding, and given the plethora of other 
known benefits of physical activity, our findings support the 
promotion of physical activity as part of a wider package 
of measures for the benefit of emotional and behavioural 
health during adolescence.
Across the range of behavioural substitutions examined, 
simulated increases in electronic media use were consis-
tently associated with lower self- esteem (higher Rosen-
berg scores), with only a small number of non- significant 
predicted differences. We also observed an association 
between electronic media use and increased depression 
symptomology, but this was confined to a small number of 
specific behavioural substitutions. Our findings align with a 
previous analysis in this sweep of the MCS, which reported 
adverse associations of social media, internet use, TV 
viewing and video gaming with depressive symptomology 
and self- esteem.46 These studies add to a growing body of 
research examining the link between mental health and 
electronic media use, both traditional (eg, TV viewing) 
and contemporary (eg, social media).47–50 At present, the 
evidence appears equivocal, with findings sensitive to vari-
ations in measurement methodology and analysis.48 Given 
the cross- sectional nature of this analysis, findings should 
be interpreted with caution due to the possibility of reverse 
causality or bidirectional associations. Nonetheless, this 
study adds to the evidence on this topic by making explicit 
the interconnectedness of behaviours within the daily time 
budget and adopting an analytical framework that can 
accommodate this complexity. As the evidence evolves, this 
approach may become increasingly valuable as we move 
beyond the largely exploratory nature of existing studies 
towards research that can explicitly inform the targeting 
and content of public health policy and behaviour change 
interventions.
In our post hoc analyses, we examined the shape of the 
association between physical activity, electronic media use 
and selected mental health markers, informed by the find-
ings from our primary analysis (figures 1 and 2). The size 
of the association between physical activity and MFQ, SDQ 
or Rosenberg scores varied according to whether our simu-
lation added or removed time spent active. Specifically, 
predicted differences for a reduction in physical activity 
were approximately twice as large as those for an increase 
in physical activity; this was the case for all outcomes. This 
asymmetrical phenomenon has also been reported in other 
studies that have used compositional isotemporal substitu-
tion modelling, though it is not observed across all health 
Figure 1 Predicted difference in Strengths and Difficulties Questionnaire, Mood and Feelings Questionnaire and Rosenberg 
Self Esteem Questionnaire scores with selected time reallocations to/from physical activity. MFQ, Mood and Feelings 
Questionnaire; SDQ, Strengths and Difficulties Questionnaire. Weekday data: panels A, C, E. Weekend data: panels B, D, F. 
Descriptive statistics (median (inter- quartile range)): MFQ: 17.0 (14.0, 21.0); SDQ: 6.0 (3.0, 9.0); Rosenberg: 10.0 (7.0, 10.0). 
Models adjusted for age, sex, body mass index and family income. Data points are predicted differences in the outcome ± 
standard error. Interpretation: Points plotted to the left of the Y- axis denote predicted differences in the outcome for a specified 
reduction in physical activity. Points plotted to the right of the Y- axis denote predicted differences in the outcome for a specified 
increase in physical activity.
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outcomes29 31 and was not evident in our models simulating 
multiple time reallocations for electronic media use. The 
reason for the disparity in effect sizes in our study is unclear, 
though it is appropriate to note that effect sizes remained 
small in all instances. It may reflect a plateau effect in the 
health benefits of physical activity, such that most benefit 
is gained from a moderate amount of activity and further 
increases above this level bring diminishing returns. This 
is consistent with the wider physical activity literature, 
particularly in adults, but the median activity level in the 
current sample was approximately 40 min/day, well below 
the recommended 60 min/day for this population.51 As 
more research using compositional analytical techniques 
emerges, it will be possible to describe and investigate this 
trend in greater depth and establish whether it is a reflection 
of biological, statistical or some other underlying process.
A key limitation of the current study is the cross- sectional 
design, which precludes any conclusions about the direction 
of the associations observed. The isotemporal substitution 
model mimics within- person time reallocations but remains 
a between- person comparison due to there being only one 
observation (point of assessment) per person. The findings 
are most appropriately interpreted as showing small differ-
ences in mental health status across durations of daily time 
allocated to physical activity and/or electronic media use. 
Numerous mental health conditions have lethargy or lack 
of engagement or energy within their diagnostic criteria52; 
therefore, reverse causality remains a highly plausible 
explanation for the associations observed in this study. In 
general, predicted differences in the weekend analysis were 
greater than those in the weekday analysis, which may also 
support this interpretation. Specifically with regard to phys-
ical activity, a larger proportion of weekday activity is non- 
volitional in nature, shaped by the more structured nature 
of the school day and associated routines.45 This is reflected 
in evidence that the age- related decline in physical activity is 
smaller for weekdays than at the weekend and that weekday 
activity is less susceptible to seasonal variation.53 54 It follows 
that a reduction in physical activity associated with mental 
ill health is likely to be greater at the weekend than during 
the week. This may account, in part, for our observation of a 
stronger association between physical activity and socioemo-
tional health at weekends versus during the week.
Strengths and limitations
Keys strengths of this study include the large, geographically 
and demographically diverse sample and the assessment 
of multiple mental health outcomes using well- established, 
Figure 2 Predicted difference in Mood and Feelings Questionnaire and Rosenberg Self Esteem Questionnaire scores with 
selected time reallocations to/from electronic media use. MFQ, Mood and Feelings Questionnaire; Weekday data: panels A, C. 
Weekend data: panels B, D. Descriptive statistics (median (inter- quartile range)): MFQ: 17.0 (14.0, 21.0); RSE: 10.0 (7.0, 10.0). 
Models adjusted for age, sex, body mass index and family income. Data points are predicted differences in the outcome ± 
standard error. Interpretation: Points plotted to the left of the Y- axis denote predicted differences in the outcome for a specified 
reduction in electronic media. Points plotted to the right of the Y- axis denote predicted differences in the outcome for a 
specified increase in electronic media.
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widely tested instruments. In addition, daily activity was char-
acterised in detail using 24- hour time- use diaries. Concurrent 
analysis of multiple behavioural exposures is appropriate 
given that behaviour change inherently entails the realloca-
tion of time between different domains of behaviour. The 
following limitations are acknowledged. The cross- sectional 
design precludes causal inference and the possibility of 
reverse causality or bidirectional associations is acknowl-
edged, as discussed previously. The analytical sample differed 
in its social and anthropometric characteristics compared 
with those who did not provide sufficient data to be included 
in the analysis, which may limit the generalisability of our 
findings. Statistical models were adjusted for known demo-
graphic and anthropometric confounders, but residual 
confounding is possible due to measurement error or omis-
sion of unknown confounding variables. In addition, we did 
not explore non- linear associations in the current analysis; 
this would be valuable in future research, particularly with 
regard to the sleep dimension of time use. Time- use diaries, 
like other self- report instruments, are susceptible to recall 
and social desirability bias. Lastly, our analysis is based on a 
single day of assessment, which may not be representative 
of typical behaviour patterns. However, measurement days 
were selected at random and short periods of assessment 
are typical in studies that employ time- use diaries in order to 
limit participant burden.36
CONCLUSION
This study adds to existing evidence on the association 
between lifestyle behaviours and mental health in adoles-
cents. Our finding that substituting time from behaviours 
representing a number of different domains into physical 
activity was associated with better socioemotional health has 
important implications for intervention design, and should 
be examined further in longitudinal and experimental 
studies.
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